Centella asiatica germplasm collected from north, north-eastern and southern parts of India was compared for biomass and centellosides productivity under uniform agro-climatic conditions of the Indo-Gangetic plains at Lucknow. The highest biomass accumulation (411.9 g FW/m 2 area) was recorded in accession A from north India, followed by 284.0, 135.7 and 29.2 g FW/m 2 in accessions M, B and E from southern, eastern and north-eastern regions, respectively. Accession M possessed the highest asiaticoside content (52.1 mg/gDW) that was 1.58, 2.34 and 21.7 folds more than accessions A, B and E, respectively. The madecassoside level in leaves of accessions B and M was comparable (28.9 and 25.7 mg/gDW) and two folds more than accession A (13.9 mg/gDW). The madecassic and asiatic acid content in leaf tissue of all four accessions remained low in Lucknow. Amplified fragment length polymorphism (AFLP) analysis with 23 primers yielded 696 fragments, 563 of which were polymorphic. Accession M out-grouped with genetic dissimilarity indices of 83, 85 and 95% from accessions A, E and B, respectively. Commercial cultivation of accessions M and A through a four months growth cycle (June to September) in agro-climatic conditions of the Indo-Gangetic plains is suggested.
Centella asiatica (Family: Apiaceae) is an important medicinal herb of tropical and sub-tropical environments. The raw herb, as well as its alcoholic extract, is widely used in more than 100 formulations of traditional as well as modern pharmacopoeias for treating stomach and duodenal ulcers, leprosy lesions, burn wounds, keloid hypertrophic scars and neurodegenerative processes [1a-h] . The clinical efficacy of C. asiatica is largely accounted for by the presence of pentacyclic ursane type triterpenoid centellosides namely, asiatic acid, madecassic acid, asiaticoside and madecassoside. Amongst these, madecassoside has strong antiinflammatory action through enhanced secretion of collagen type-III[1e], whereas asiaticoside supports wound healing via stimulation of fibroblast proliferation and synthesis of collagen type-I [1f, 2a-c] . Asiaticoside derivatives are also being used in the treatment of Alzheimer's disease as they protect cells against β-amyloid induced neurotoxicity [3] . The bulk of Centella herb for the drug industry is collected from wild natural stands and, hence, suffers from inconsistent quality profiles and high microbial/heavy metal contaminations [4] . Need to initiate organized commercial cultivation of this important herb is, therefore, gaining attention to meet its high market demand [5a,5b] . Since biomass production and biosynthesis of bioactive compounds in medicinal herbs are greatly influenced by genotype(G) x environmental(E) interactions, it is imperative to screen and characterize C. asiatica germplasm for commercial cultivation in a particular environmental niche [6a-e] . The present study is a step in this direction and aimed to evaluate Indian germplasm of C. asiatica to identify genotype(s) that is best suited for cultivation under the agro-climatic conditions of the Indo-Gangetic plains.
Six germplasm accessions of C. asiatica (designated as A, B, C, E, F,M) were collected from different geographical regions of north (Bhowali), north-eastern (Darjeeling, Shillong and Jorhat) and southern (Bangaluru) India. The collection sites were spread along an altitude range of 116 to 2050 m (Table 1 ). The collected germplasm represented two major foliar morphotypes i.e., small to medium size reniform leaves (accessions A, B, C, M; mean leaf area 3.53-6.62 cm 2 ) and large orbicular leaves (accession F; mean leaf area 7.54 cm 2 ) with crenate to dentate margins. Leaves of accession E from one location in Jorhat were distinctively very small (leaf area 1.51 cm 2 ) with crenate margins.
The mean asiaticoside content in the leaves of the six germplasm accessions in their native environments ranged from 1.6 to 9.8 mg/gDW (Table 1 ). The two distinct foliar morphologies observed The mean leaf area of accession A (4.01 cm 2 ) and E (1.51 cm 2 ) remained unaltered in comparison with that in their natural habitats. In contrast, the leaves of accession B and M became 40-50% smaller with an average leaf area of 3.46 and 2.64 cm 2 , respectively. Plants of accession A, with an average 5-8 leaves/node and mean petiole length of 13.18 cm, registered the highest fresh and dry matter accumulation of 411.9 and 99.8g/m 2 , respectively ( Table 2) . This was followed by 284.0 and 92.2 g/m 2 and 135.7 and 48.9 g/m 2 fresh and dry biomass yield in accessions M and B, respectively. The lesser biomass accumulation by the plants of the later two accessions was mainly accounted for by their relatively shorter petiole length (4.64 and 6.17cm) and lesser number (2-3)of leaves/node. Accession E, characterized by the presence of only one leaf/node and very short petiole (2.4 cm), recorded the least fresh and dry biomass yield of 29.2 and 13.9 g/m 2 during the four month growth cycle. The leaves of accessions A and B were relatively greener than those of accessions E and M because of their higher chlorophyll content (Table 2) . When the four germplasm accessions were compared for their relative concentrations of major bioactive centellosides in their leaves (Table 3) , accession M registered the highest asiaticoside content of 52.1 mg/gDW, followed by 32.9, 22.2 and 2.4 mg/gDW in accessions A, B and E, respectively. A similar trend in asiaticoside level in accessions M, B and A was also evident in their native environments (Table 1) , but concentration of this metabolite in these samples was 5.3, 4.2 and 3.6 folds less than in their corresponding Lucknow-grown populations ( Table 3) . Accession E, however, depicted the lowest level of asiaticoside (2.4 mg/gDW) in its native as well Lucknow environment. The low asiaticoside content recorded in the samples from the natural stands of accessions M, A and B is likely to be a consequence of either G x E interactions or because of the age difference in the plants at the +time of their collection. Post-harvest metabolite degradation in transit from the collection sites to the Lucknow laboratory for extraction and analysis could have also accounted for the observed differences. Nevertheless, our results have substantiated the earlier reports that C. asiatica plants characterized by small to medium size reniform leaves are better accumulators of asiaticoside than those with round lobed leaves and this can serve as a good morphological selection marker in an initial germplasm screening program for this herb [1a,2c,6c-e,7,8]. Accession B was found to be the richest source of madecassoside (28.9 mg/gDW) under Lucknow climate, followed by accessions M (25.7 mg/gDW) and A (13.9 mg/gDW).
No detectable level of this metabolite was present in accession E ( Table 3 ).The content of two other bioactive sapogenins, namely madecassic acid and asiatic acid in the leaves of accessions A, B and M remained low and varied from 0.9 to 4.1 and 0.4 to 1.8 mg/gDW, respectively. Accession E again did not show the presence of these triterpene acids in the leaf. It is interesting to mention here that in a separate study conducted in our laboratory for cultivating C. asiatica in hydroponic systems [5b] a significantly higher accumulation of madecassic (3.66%DW) and asiatic (0.63%DW) acids in leaves was observed suggesting the need for a more humid rhizospheric environment for the synthesis of these triterpenoid sapogenins.
When the germplasm accessions used in the present study were compared on the basis of their total centellosides yield, accession M with the highest centellosides productivity of 7.38 g/m 2 (Table 3) was found to be the most suitable germplasm under the agroclimatic conditions of the north Indian plains. Accession A ranked II with a centellosides yield of 5.25 g/m 2 whereas accession B, which performed at par with accession A on the basis of its total centellosides content (52.4 and 52.7 mg/gDW, respectively), registered a two folds decline in centellosides yield (2.56 g/m 2 ) due to poor biomass accumulation.
On the basis of Principal Component Analysis (PCA) of the chemical profiling data, the four studied accessions could be broadly grouped into two clusters ( Figure 2 ). Cluster I included accessions A, B, and M, whereas accession E constituted cluster II. Within cluster I, accession A belonged to one sub-group and accessions B and M to another sub-group with 30% variation. Accession E completely out-grouped itself in cluster II with 33, 35 and 55% variation from accessions A, B and M, respectively. The Principal Component Coefficient (PCC) of the four bioactive constituents suggested that asiaticoside content with a maximum expression level of 0.89 can serve as a better choice than the other three centellosides to understand and measure the inter-relationship between different germplasm accessions ( Figure 3 ). The genetic diversity within the four accessions was measured by amplified fragment length polymorphism (AFLP) analysis. Out of 64 preparations, 23 primer combinations of EcoRI/MseI series responded positively to genomic amplification. A total of 696 fragments were amplified, out of which 563 (80.9%) in the size range of 50-494bp were found to be polymorphic ( Table 4 ). only 27 unique bands in comparison with 215, 157 and 144 in the case of accessions A, B and E, respectively. Accession M also indicated its genetic divergence from the other three accessions by responding to only 11 primer combinations in comparison with 16, 20 and 23 primers by B, A and E accessions. The genetic similarity coefficient varied from 0.04 between accession B and M to 0.38 between accession A and E. The UPGMA dendrogram (Figure 4 ) drawn on the basis of genetic distance (1-Jaccard's similarity) suggested that the four accessions can be clustered into two groups. Group-I consisted of accessions A, B and E with maximum similarity index of 38% between accession A and E, followed by 30% between A and B and 18% between B and E. Accession M that lies at another node of the cluster showed maximum genetic diversity from all other accessions i.e, 83, 85 and 95% dissimilarity from A, E and B, respectively. The relative degree of molecular diversity amongst the four studied germplasm accessions, however, did not fully match with their chemical diversity in terms of centellosides content and yield under the Lucknow agro-climate (Figure 2 and 4) . For example, accessions M and A that showed a maximum genetic divergence of 83% on the basis of AFLP results registered 77.2% similarity in respect to their centellosides content. Likewise, accession E that chemically distanced itself from the rest of the accessions by synthesizing a low level of asiaticoside (2.4mg/gDW) both in Lucknow and its original location, genetically aligned itself in one cluster with accession A with a similarity index of 32.9%. These observations are in congruence with those of an earlier study conducted on 14 wild populations of C. asiatica in China wherein no definite correlation was observed between chemical and ISSR marker based hierarchical clustering data [8, 9] . Such discrepancies in chemical and genetic fingerprints are likely to occur because the phytomolecules in medicinal herbs are synthesised via secondary metabolic routes that are differentially expressed under the combined influence of the plant's genetic makeup, environmental and various stress/threat conditions [10ad] .In the present study the absence of a definite correlation between chemical and AFLP clustering patterns has indicated that centelloside biosynthesis in C. asiatica is probably controlled by a small number of genes that are poorly distributed over the plant genome and, hence, not detected by random AFLP markers, as was suggested during diversity assessment of Zataria multiflora germplasm [10e]. In conclusion, the two promising genotypes of C. asiatica (accessions M and A in this order of preference) were identified for their possible commercial cultivation under the agroclimatic conditions of the northernIndian plains. Accession M with a mean asiaticoside and madecassoside content of 52.1 and 25.7 mg/gDW, respectively, afforded a total yield of 7.38g centellosides/m 2 of land,which is well within the desired criteria of most of the pharmacopoeias and WHO standards for this herb [11] . The corresponding centellosides productivity of accession A was 5.25 g/m 2 . The study has also substantiated the earlier surmise that reniform foliar morphology is a good selection marker for initial germplasm screening for herb and metabolite yield in C. asiatica. Large scale field cultivation of the selected germplasm of C. asiatica through a four months growth cycle (June to September) in the Indo-Gangetic plains not only fits well in the existing cropping systems of this region, but would also ensure the supply of comparatively cleaner herb to the industry while easing pressure on the wild populations from their uncontrolled exploitation.
Experimental
Collection of plant material: Germplasm of C.asiatica (L.) Urban was collected from natural stands in six different geographic locations (115 to 2045 m altitude) in northern, north-eastern and southern states of India (Table 1) . Data on foliar morphotype, leaf area, chlorophyll and asiaticoside content in the leaves of these populations was recorded. The collected germplasm was brought to Lucknow (128 m altitude; 26.51 0 N, 80.55 0 E) and planted in pots for establishment and multiplication. Plants of two accessions from Shillong and Jorhat regions of the north-east failed to survive under Lucknow conditions. The four successfully acclimatized accessions from Bhowali, Darjeeling, Jorhat and Bangaluru regions, hereafter referred to as accessions A, B, E and M, respectively, were further multiplied for 6 months in 1m x 1m nursery beds to generate sufficient planting material for field trial. The represented samples of the germplasm were deposited in the National Gene Bank of Medicinal and Aromatic Plants at CSIR-CIMAP. Known amounts of freeze-dried tissue were then processed for centellosides extraction and HPLC analysis. For leaf area measurement, 10 leaves from each of the sampled area marked out by the hoop were randomly picked and scanned using a portable leaf area meter (CID incorporated USA 202). The data were averaged and expressed in cm 2 . The length of the petiole of these 10 sampled leaves was also measured and averaged. The mean number of leaves per node was also counted in 3 plants of each sampled area and averaged. For chlorophyll estimation in the leaves, 100 mg fresh leaf tissue was ground in 15 mL of 80% acetone containing a pinch of CaCO 3 . The homogenate was filtered and optical density of the filtrate was measured at 645 and 663 nm for calculating the total chlorophyll content [12] . 
Measurement of biometric data:

Extraction and HPLC analysis of centellosides:Two
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Natural Product Communications Vol. 9 (6) 2014 783 flow rate of 1 mL/min up to 25 min. After 30 min, the flow rate was increased to 1.2 mL/min while maintaining the solvent composition at 10% A. After 35 min the initial conditions were restored till the completion of a 50 min run. Detection of 4 centellosides, namely asiaticoside, madecassoside, asiatic acid and madecassic acid, was carried out at 206 nm. The reference standards of these 4 compounds were mixed (5, 10, 15 or 20 mg/mL each) and used in triplicate to construct a calibration curve and a regression equation for method validation. The peaks of centellosides in the tissue samples were identified by co-injecting the respective standards. Asiaticoside, madecassoside, asiatic acid,and madecassic acid were purchased from Fluka Analytical, France, Sigma-Aldrich, USA and ChromaDex Ltd., USA, respectively.
DNA isolation and AFLP analysis:
Total genomic DNA was extracted from 1g fresh leaves of each accession by using the CTAB (cetyltrimethylammonium bromide) method of Khanuja et al. [13] . The AFLP analysis essentially adhered to the protocol described byVos et al. [14] . In brief, DNA (500ng) was digested with EcoRI and Tru 9I (1U) and ligated with adapters using T4DNA ligase(Promega, USA) at 37˚C. Restriction-ligation products were diluted 10-folds with TE buffer for pre-amplification reaction and selective PCR amplifications. The pre-selective amplification was performed at 72˚C for 2 min followed by 20 cycles of denaturation (at 94˚C for 20 s), primer annealing (at 56˚Cfor 30 s) and primer extension (at 72˚C for 2 min) andfinally maintained at 60˚C for 30 min. The pre-amplified products were diluted 20-fold and used for selective amplification. Selective amplification was carried out using 64 combinations of fluorescent dye labeled MseI and EcoRI selective primers, each containing 3 selective nucleotides ( Table 3 ). All PCR reactions were carried out using AFLP core mix (Applied Biosystems 402005). The fluorescent dye-labeled selective products were run on an ABI PRISM 377 DNA Sequencer to generate electropherograms; data were analyzed using Gene Scan analysis software.
Data scoring, clustering, principal component and ANOVA analysis:
TheAFLP data obtained with Gene Scan were extracted with Gene Mapper v3.7 generic software for scoring the bands. Fragments ranging from 50 to 500 bases with a fluorescent intensity greater than 50 were scored as dominant markers, giving a value of 1 for the presence and 0 for absence. The scored bands were used to calculate genetic divergence using Jaccard's coefficient [15] by SPSS v16.0 software. The average similarity indices were used to calculate the genetic distance between accessions (distance=1silmilarity index) and used for UPGMA clustering using NTSYS 2.02j software. Cluster reliability was measured by bootstrap analysis with 1000 random re-sampling. Distances between these studied germplasm accessions were also measured on the basis of 4 major bioactive centellosides by PCA using NTSYS-pc software. PCC was used for determining the major component responsible for variation. Data obtained on biometric traits and chemical profiling are expressed as mean performance of biological replicates along with their standard deviation using a two-way ANOVA based on a LSD test (P< 0.01).
